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29/10/05                      Optical Model                   Lydie's notes
   To describe a nuclear reaction between two nuclei A1 and A2, the Schrödinger's equation has to be written for each nucleon of the system. Each nucleon is in a potential well created by the others (A1 + A2 -1) nucleons. We obtained a system of N=A1+A2 equations which are impossible to solve numerically if N is bigger than few units. Thus, it is necessary to find other methods to solve the N-body problem.
   In the frame of the optical model [Hodg94], all the interactions between the nucleons of the projectile and the nucleons of the target are replaced by an average and central interaction V(r) between the projectile and the target in their ground states. This simplifies the resolution of the Schrödinger's equation by replacing an N-body problem with a one body problem: a particle with a mass ( (reduced mass of the system) is in a potential well V(r) which replaces all the interactions between the different nucleons. The equation to be solved becomes:
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 the reduced mass of the system and r the distance between the two nuclei mass center.
The optical model used to describe the interaction between two nuclei is inspired by the optical phenomenon. The nuclear medium diffracts one part of the incident wave which models the incident particle and another part of the wave is refracted. Then this phenomenon can be characterized by a complex index. The real part of the index corresponds to the diffraction phenomenon and the imaginary part to the refraction of the incident wave. Then the averaged nuclear potential V(r) can be written:

V(r) = U(r) + iW(r)
where U(r) is the real part of the potential and represents the elastic scattering, i.e a reflexion of the incident wave. The imaginary part W(r) is introduced to take into account the others reactions which can occurred, i.e there is an absorption of the incident wave before it is reemitted. W(r) simulates the loss of flux due to no elastic collisions.
Phenomenological optical potential
   Historically, the basis of the optical model was developed by comparing the results of the scattering of neutrons by nuclei to those obtained in optics for the scattering of light by transparent spheres. The first optical potentials were built for the interaction of neutrons with nuclei and afterwards for the scattering of protons, ( particles and heavy ions. 

   The first analysis of elastic scattering used a squared well which then was replaced by a more realistic form: 

V(r) = Uf(r) + iWg(r)
where V and W are the well depths of the real and imaginary part of the potential. The form factors f(r) and g(r) depends on the distance r between the two nuclei. As the nucleon-nucleon interaction is a short range interaction, the potential Uf(r,) which is approximately the sum of nucleon-nucleon interactions, has the same behavior. The nucleons in the core of the nucleus undergo only the interaction of their closest neighbors. To due this saturation of the nuclear forces, Uf(r) is uniform inside the nucleus and then decreases exponentially in the surface region. These variations of the real part of the interaction potential are reproduced with a Woods-Saxon function f:
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with R the potential extension which has to be similar to the nucleus radius. The parameter a is linked to the diffuseness of the nuclear surface. The form factor of the imaginary part depends on the incident energy. At low energy (less than 10 MeV), the absorption is located at the nuclear surface. In this case, the form factor g(r) is a derived function of the Woods-Saxon located at the surface of the nucleus:
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At higher energy, the imaginary part has two terms: a surface term describes above and a volume term described by a Woods-Saxon potential.
Moreover by analogy to the spin-orbite potential included in the shell model to describe a nucleus, a spin-orbite potential Vso(r) is introduced to take into account the interaction between the spin  
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A Coulomb potential Vc(r) is also added to the potential V(r) if the incident particle has a charge. It represents the potential created by a point charge ZA1 and a uniformly charged sphere with a charge ZA2 and a radius R, where R is the sum of the projectile radius and the target radius.
With all these contributions, the complex potential V(r) used in the optical model frame becomes:

V(r) = Vc(r) + Uf(r) + iWvf(r) + iWsg(r) + Vso(r)
   The elastic scattering data was studied to find a general and standard parameterization of the optical potential. In the case of a p-nucleus and n-nucleus elastic scattering, it exists general parameterization like CH89 by R. L. Varner [Varn79] et al. or the recent one developed by Koning and J. P. Delaroche [Koni03]. In these works, the parameters which depend of the mass, charge and energy of the nuclei were adjusted to describe a large ensemble of elastic scattering data. Generally for the nucleus-nucleus interaction, it doesn't exist such a general parameterization. Sometimes, it exists a parameterization for a very limited domain: a projectile on a reduced number of target nuclei. Otherwise in each case, the parameter of the optical potential have to be adjusted to reproduce the corresponding elastic scattering at the projectile energy considered.
Coming soon: to be published in PRC  (I just found the abstract)
Is a global coupled-channel dispersive optical model potential for actinides feasible? 
R. Capote, E. Sh. Soukhovitskii, J. M. Quesada, and S. Chiba 

An isospin dependent coupled channels optical model potential containing a dispersive term with a nonlocal contribution is used to simultaneously fit the available experimental database (including strength functions and scattering radius) for neutron and proton scattering on strongly deformed $^{238}$U and $^{232}$Th nuclei. The energy range 0.001-200 MeV is covered. A dispersive coupled-channel optical model (DCCOM) potential with parameters that show a smooth energy dependence and energy independent geometry are determined from fits to the entire data set. Calculations using obtained DCCOM potential reproduce measured total cross section differences between $^{232}$Th and $^{238}$U within experimental uncertainty. The isovector terms and the observed very weak dependence of the geometrical parameters on mass number $A$ allow to extend the derived potential parameters to neighboring actinide nuclei with great confidence. 
Microscopic optical potential
   The nucleus-nucleus interaction potential can also be determined microscopically for example by folding. The folding model was widely used with success to calculate the nucleus-nucleus interaction potential or the nucleon-nucleus interaction potential [Khoa97]. Then, the real part V(r) of the microscopic potential is calculated by folding the nuclear densities ( of the projectile and target nuclei with an effective force which represents the interaction between one nucleon of the incident particle and one nucleon of the target nucleus:

[image: image8.wmf]t

p

tp

t

t

p

p

r

d

r

d

r

r

r

r

V

3

3

)

(

)

(

)

(

)

(

u

r

r

òò

=


where r is the distance between the mass centers of the nuclei and ((rtp) is the effective nucleon-nucleon force.

   Different nuclear densities, macroscopic or microscopic can be introduced in the folding calculation. The nuclear densities can be obtained for example with Hartree-Fock Boglioubov calculations [Ring80,Rowe71] or with a Quasiparticle Random Phase Approximation with Skyrme's forces [Ring80,Skyr59]. The effective nucleon-nucleon forces which are used for the folding are real. Typically, the Yukawa's interactions M3Y are used. Initially, these M3Y interactions were developed for the DWBA analysis of (p,p') reactions but were also used for the interactions of heavy nuclei at low and intermediate energies [Satc79]. Later, new studies of nucleus-nucleus reactions raised the question of the validity of the interaction M3Y. To take into account the decrease of the nucleon-nucleon interaction when the nuclear density increases [Beth71], a density dependence was introduced by Khoa et al.. Recently, a new interaction including a density and isospin dependence was tested with Hartree-Fock densities for the asymmetric nuclear matter [Khoa97, Khoa96].
   The imaginary part of the potential W(r) which represents the absorption is built with a phenomenological model as the folding model is not adapted [Satc79]. Generally, parametrizations with a Wood-Saxon form are used.
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